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Acronyms and Abbreviations

bgs below ground surface

CF configuration

CFR Code of Federal Regulations

cm centimeter

CcocC chainof-custody

DOE U.S. Department of Energy

EDD electronic data deliverable

EPA U.S. Environmental Protection Agency

ft feet or foot

IDL instrument detection limit

MB method blank

MDL method detection limit

MESa Moab Environmental Sampling Database
mg/L milligrams per liter

MS matrix spike

MSD matrix spikeduplicate

RIN report identification number

RL reporting limit

RPD relative percent difference

SDG sample data group

UMTRA Uranium Mill Tailings Remedial Action

yr year
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1.0 Introduction
1.1 Purpose

The purpose of this serannual report is tpresent the results and provide interpretation of the
dataassociated with groundwater and surface water samples collected from the U.S. Department
of Energy (DOE) Moab Uranium Mill Tailings Remedial Action (URA) Project site during
thesecondhalf of calendar yea2021. The results of the data validation process are also

presented.

Thefirst event included the collection of samplesSeptembe2021from thelnterim Action
Well Field (Configuration (CF) 4 maitoring wells, CF5 groundwater extraction wgllEhese
locations are shown on Figute

The second event includedmples fronCrescent Junction monitoring wells 0202 and 0205 in
September 2021These locations are shows in Figure 2.

1.2  Scope

Thisreport presents summaryof sampling eventanddata assessmentacludinga summary

of theanomalous data geraged by the validation proceasd results for these events. Sampling
and analyses were conducted in accordance witMtad UMTRA Project @face
WaterGroundwaterSampling and Analysis PIFDOE-EM/GJTAC1830). Al data validation
follows criteriain the Moab UMTRA Project Standard Practice for Validation of Laboratory
Data (DOE-EM/GJTAC1853. The CF 4 and 5 and Crescent Junction sampling events were
validated to Level 2.

Appendix A includes the Water Sampling Field Activities Verification and the trip report
associated with the @rand CF5 andampling event. Appendix B provides similar documentation
for theCrescent Junctiosampling event

TheMinimums and Maximumanalysesveregenerated by thigloab Environmental Sampling
(MESa)databas¢o determine if the applicable dateerewithin a nornal statistical rangelhe

new data setvas compared to thastorical datdo determine if the newata fall ouside the

historical range. fie results are not considered anomalous if: (1) identified low concentrations
are theresult of low detection limitg2) the concentration detected is less or more than

50 percent of histocal minimum or maximum valuesy (3) there were fewer than five

historical samples for comparisoAnoma ous results are [OQmutaovi ded
Assessmeidt s e c t ichosampling evente a
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Figure 1. Second Half of 2021 CF4 and CF5 Groundwater Sampling Locations
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Figure 2. Crescent Junction Sampling Locations
1.3 Data Validation Definitions

The following definitionsare associated with the data validation prodeasa validation dtails
are provided in the followingestions of this report for the individusampling events

Method and Calibration Blanks

Method blanks (MBs) are analyzed to assess any contamination that may have occurred during
sample preparation. Bothitial calibration blank&nd continuing calibration blanks are analyzed

to assess instrument contamination before and during sampleisnagsending on method
requirementsdetectedsample results greater than thethod detection limit\]DL ) or

instrument detection limitDL) areq u a | i fwhen the detéatiormreless than five times the
blank concentration. Nedetectsarenot quaified.

Matrix Spike and Replicate Analysis

Matrix Spike MS) sample analysis, performed at a frequency of one per 20 samples unless
otherwise noted, is a measure of the ability to recover analytes in a particular TS
sample results are requirgalbe within the recovery limits.

Laboratory Replicate Analysis

The laboratory replicateresults demonstrate acceptable laboratory precision. The relative
percent difference (RPD) values for the reported matrix spike duplicate (MSD) results for all
other analytes should be less than 20 percent for results greater than five tirepsriirgglimit

(RL).
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Field Duplicate Analysis

Field duplicate samples are collected and analyzed as an indicatimowérall precision of the
measurement process. The precision observed includes both field and laboratory precision and has
more variability tan laboratory replicates, which measure only laboratory performahee.

duplicate results must reiethe U.S. Environmental Protection Agency (ER¢ommended

laboratory duplicate criteria of less than 20 RPD for results that are greater than fivéaéimes t
reporting limit RL).

2.0 September2021 CF4 and CF5 Sampling Event

21  Summary

Groundwater samples were collected fromelght CF5 extraction wells to determine mass removal
calculations for ammonia and uranium concentrataorgsto assess well field performance

Groundwater samples were also collected from the eight CF4 monitoring wells to determine the
impact of the freshwater injection system on the shallow aquifer. These ground water samples
were collected to determineWw the freshwater injection system impacts shallow zone ammonia
concentrations, particularly downgradient of the CF4 injection wells.

2.2  September2021CF4 and CF5Data Assessment

2.2.1 Laboratory Performance Assessment

This validation was performed according3tandard Practice for Validation of Laboratory
Data. The procedure was applied at Le2eData Deliverables Examination. All analyses were
successfully completed.

General Information and Validation Results

RIN 2109129

Laboratory: ALS Analytics, Fort Collins, Colorado
SDG Number: 2109609

Analysis: Metals and Inorganics

Validator: JamesRitchey

Review Date: March2022

The samples were prepared and analyzed using accepted procedures as showd.in Table

Table 1. September 2021 CF4 and CF5 Sampling Event, Analytes and Methods

Analyte Preparation Method Analytical Method
Ammonia as N, NH3z-N EPA 350.1 EPA 350.1
Uranium SW-846- 3005A SW-846 6020A

Data Qualifier Summary
Analytical results wergqualified as listed in Tabl2. Refer to Tabl& for an explanation of the
data qualifiers applied.
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Table 2. September 2021 CF4 and CF5 Sampling Event, Data Qualifiers

Sample Number Location Analyte Flag Reason
SDG 2109609-1 thru 34 All in SDG 2109129 Uranium J MS-1, MSD-1
Not es: fiJo indicates results are estimated:; it becomes AUJO for anal
Table 3. September 2021 CF4 and CF5 Sampling Event, Reason Codes for Data Flags
Qualifier Qualifier .
Reason Code (Detects) (e Explanation
MS-1 J uJ The MS sample chosen was from another client.
MSD-1 J uJ No MSD data was included in the narrative.
Not es: fiJo indicates results are esti mat e ddetection limit. &)indicatesshefesult 6 f or anal

is below the detection limit.

Sample Shipping/Receiving

ALS Analytics in Fort Collins, Colorado received aatiodf 34 samples from 16 locations for
report identification numbeRIN) 2109129n one shipmentiracking number
175W1Y510191231568n September 24, 2021

The sample data group (SDG) was accompanied by a Chain of Custody (COC) form. The COC
form was checked to confirm that all of the samples were listed on the form with sample
collection dates antimes, and that signatures and dates weresptesdicating sample
relinquishment and receipt.

Preservation and Holding Times
SDG210%09was received intact with a temperatur8@&C. All samples were received in the
correct container types amatl samples were analyzed within the applicablieling times.

Case Narratives
The case narratives were reviewed, and all detects where found to be withincpralio}
procedures except for the following:

Field Duplicate Analysis

Field duplicate sampk are collected and analyzed as an indication of overall precision of the
measurement process. The precision observed includes both field and laboratory precision and
has more variability than laboratamgplicates, which measure only laboratory perforoear
duplicate sampl€2109%09-33 and-34) was collected from locatioBMI-PWO02. The duplicate
results met the EPA recommended laboratory duplicate criteria of less ##=RPID for results

that are greater than 5 times the RL.

Completeness
Results were reported in the correct units for all analytes requested using e@ofuaetd
laboratory qualifiers.

Electronic Data Deliverable Files
The Electronic Data Deliverable (EDD) files for SDG 2809were received on November 1,
2021. The contents of the EDD were manually examined to ensure all and only the requested

U.S. Department of Energy
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data were delivered in compliance with requirements and that the sample results accurately
reflected the data contained in the sample data package.

2.2.2 Minimums and Maximums Report and Anomalous Data Review
Based on the results)ost concentrations avéthin the historical range. Tabfeshows the
sample results that wegeeaterthan 10% off of the historical range.

Table 4. Anomalous Data Associated with the CF4 and CF5 Sampling Event

S Concentration Historical | Historical
Location Dat% Analyte (Ma/L) Minimum | Maximum Disposition
J (mg/L) | (mg)
These concentrations
. are less than the
0811 | 9/15/2021 | Ammonia 270 310 520 historical values.
Total as N : .
These locations will
continue to be
monitored to
0814 | 9/15/2021 | Ammonia 71 130 900 determine the
Total as N general trend in
concentration.
2.3  September202l CF4 and CF5 Sampling Event Results

CF4 Sampling

Prior to sampling in September, injection operations had been continuous since early August
2021 when the system was shut down for a week for a minor repair.

The CF4injectionwells are screened and deliver fresh water into the subsurface from 15 to 35
feet ft) below ground surface (bg§eptembeR021 anmonia concentratiorare presented in
Table5. Baseline concentrations represent sample results from January 2019, when limited

freshwater was injected (less than 750,000 gal) for the six monthsgeaulio the sample

collection.

September 2021 ammonia concentrations (Tabés&)ciated with the downgradient samples
collected from a depth less than 20 ft bgs (wells 0784 and Ga85¢oncentrations thatere
below1 milligram per liter fng/L), indicating the injection systeoperationsmpact this
shallowsubsurface zon@able 5).The sample from the upgradient shallow zone (from well
0783) was belovs0 mg/L. Samples collected from wells 0780 and 0786 (28 ft bgs) and well
0782 (33 ft bgs) had ammonia concentrations ranging &@to 310mg/L. From a depth of 36
to 46 t bgs, the ammonia concentrations ranged fB&@®to 900mg/L (wells 07d and 078).

Table 5. CF4 Monitoring Well Ammonia Concentrations, September 2021

Sample Upgrad|en.t or Baseline* zoszip;ember.
Location Depth | Downgradient | concentration mmonia

ft bgs) of Injection (mg/L) Concentration
1o Wells (mg/L)

0780 28 Upgradient 330 5.2

0781 46 Upgradient 1,900 900

0782 33 Upgradient 1,100 310

0783 18 Upgradient 20 1.4

U.S. Department of Energy
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Table 5. CF4 Monitoring Well Ammonia Concentrations, September 2021 (continued)

Sample Upgradien.t or Baseline* September 2021
Location Depth DO}Y"IEQJSS;N Concentration Ammonia
(ft bgs) 0 V\}ells (mg/L) Concentration (mg/L)
0784 18 Downgradient 1.1 0.2 (ND)*
0785 18 Downgradient 17 0.2 (ND)*
0786 28 Downgradient 480 19
0787 36 Downgradient 2,100 660

Notes: * = Baseline concentrations taken from samples collected August 2010, prior to when the CF4
wells were used exclusively for injection purposes. (ND)= non-detect or at detection limit of 0.2 mg/L.

Figure3 displays the ammonia concentrations in samples collected down gradient from a depth of 18
ft bgs (wells 0784 and 0785) since 2016, alondnwie CF4 weekly injected volumdés the plot

displays, consistent injection continues to significantly decrease the shallow groundwater system
ammonia concentrations downgradient of the injection wells.
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B CF4 Weekly Injected Volume
90 @ Well 0784 (downgradient 18 ft bgs)
A Well 0785 (downgradient 18 ft bgs) p 600,000
80
0 500,000

60
400,000
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Date

Figure 3. January 2016 through September 2021 CF4 Shallow Zone Ammonia
Groundwater Concentrations in Response to Freshwater Injection

CF5 Sampling

Groundwatesamples were also collected from the CF5 extraction wells (locations shown on
Figurel) in SeptembeR021. The extraction system had been consistently operational for
approximatelysix months prior to the sample collection, with more tBe8mil gal of
groundwater removed from the groundwater system during that@rteextraction well
ammonia and uranium concentrations associated with this sampling event are displayed

U.S. Department of Energy Moab UMTRA ProjectGWSW Monitoring Report July through December 2021
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Table 6.Time versus concentration pldtEigures4 through7) werealsogenerated to display the
CF5 estraction well ammonia and uranium concentrations measuredXihc2010. This nearly
covers the timeframe these wells have been utilized to extract groundwater (they were brought
online starting in April 2010). Trend lin@se also included in these plots.

Table 6. CF5 Extraction Well Analytical Results

Location Sample Date Ammonia (mg/L) Uranium (mg/L)
0810 260 2.6
0811 270 2.0
0812 400 2.0
0813 300 1.8
0814 9/15/21 71 25
0815 110 2.7
0816 120 24
PW02 400 2.8

Table7 provides the geometric mean, standard deviation, 95% confidence interval, and the
change in ammonia concentration based on the linear trend line for the CF5 extraction wells
since 2010The tend lines applied to data collected gdane2010 from CF5 extraction wells
indicatethat with the exception of the samples collected from well 08h3verage¢he

ammonia concentrations are decreasing at a rate rangin@®dam21.0 mg/L/yr. As of 2021,

the CF5 extraction well geometrmeean ammonia concentrations range filbfto 457mg/L.

Table 7. Statistical Data for CF5 Extraction Well Ammonia Data, 2010 through 2021

Ammonia CF5 Extraction Well

Concentrations
(20107 2021) 0810 0811 0812 | 0813 | 0814 | 0815 0816 PWO02

Geometric Mean (mg/L) 316.9 392.8 | 414.3 | 326.3 | 179.4 | 196.3 | 162.8 | 457.8

Standard Deviation (mg/L) 33.6 63.8 64.7 87.3 52.5 76.7 315 52.0
95% Confidence Interval
(mg/L)

Change in Concentration
(mg/L/yr)

14.4 28.0 27.7 37.4 23.0 33.6 14.2 22.2

-3.9 -11.6 -5.9 6.9 -11.4 | -21.0 -8.2 -13.5

The trend line associated with data collected from well 0813 indicates concentrations have been
increasing over the past 10 years, at a rate of 6.9 mg/L/yr. This inGgeafenction of the

historical low concentrationgneasured after the 2011 flooding eyentpacting the data set

Only taking into account the ammonia analytical results since 2013, the concentrations decrease
on average 11.3 mg/L/yr.

Statistical data for the uranium retsusince 2010 are presented in Tebl&rend lines applied to
the uranium results over the pastykars for all CF5 wells indicateur wells on averagare
decreasing as much @4 mg/L/yr, threewells on average are increasiofup to 0.06 mg/L/yr,
and one well has not changed. Wl associated with the highest incresisewell 0813that
increased on average 0.06 mg/Lis/located at the northern end of CH%is minimalincrease in
uraniumis associated witthe periodic influx of oxygenated wer and its impact on the
subsurface geochemical conditions.
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Table 8. Statistical Data for CF5 Extraction Well Uranium Data, 2010 through 2021

Uranium Concentrations CRaExtmactioniwell

(20107 2021) 0810 | 0811 | 0812 | 0813 | 0814 | 0816 | 0816 | PWO2

Geometric Mean (mg/L) 2.99 2.62 2.06 153 | 2.80 3.14 2.50 3.22

Standard Deviation (mg/L) | 0.49 0.44 0.29 0.42 | 0.19 0.25 0.17 0.43

95% Confidence Interval
(mg/L)

Change in Concentration
(mg/Llyr)

0.21 0.19 0.12 0.18 | 0.08 0.11 0.07 0.18

-0.04 | -0.01 | -0.01 | +0.06 | 0.00 | +0.02 -0.02 -0.03

Figure4 is the time versus ammonia concentration plot for extraction wells 0810 through 0813
and SMIPWO02, all of which are located along the CF5 southeastern boundary. Hdjaptays

a time versus uranium concentration plot for the same set of wells. Feganes7 are the time

versus ammonia and uranium concentration plots, respectively, for CF5 wells 0814 through 0816
(which are located closer to the base of the tailings pile).
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.~ Linear (Well 0813) T 40,000
600
3 L 30,000 _
£ £
Z 400 H
b =
1] P
‘= o
g | 20000 &
£
<
200 A
A + 10,000
0 — 0
AN B BN N B BT IV B GO B T T B N S A e
\3 & S & & & N & N & \\§ & \3 & ¥ S @ N & & \0\ &
Date
Figure 4. CF5 Extraction Wells 0810, 0811, 0812, 0813,
and SMI-PWO02 Time versus Ammonia Concentration Plot
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Figure 5. CF5 Extraction Wells 0810, 0811, 0812, 0813,
and SMI-PWO02 Time versus Uranium Concentration Plot
800 50,000
e Well0814
= Well0815
Well 0816
Colorado River Flow
= = = Linear (Well 0814) + 40,000
600 4 ----- Linear (Well 0815)
— — Linear (Well 0816)
::‘:n + 30000 __
£ g
=
ES
E 400 3
= | m n ]
[=] - >
] el + 20000 &
£ |
<
10,000
0
Figure 6. CF5 Extraction Wells 0814, 0815, and 0816
Time versus Ammonia Concentration Plot
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Figure 7. CF5 Extraction Wells 0814, 0815, and 0816
Time versus Uranium Concentration Plot

3.0 September2021CrescentJunction Sampling Event

3.1 Summary

Groundwater samples were collected from wells 0202 and 0205 at Crescent Jaspaonof
the quarterly monitoring at the Crescent Junction Site. If water is present in any of the four
monitoring wells during a monitoring event, a sample is typicallleced. Samples were
analyzed for metals, inorganics, and isotopic uranium.

3.2  September 2021 Crescent Junction Data Assessment

3.2.1 Laboratory Performance Assessment

This validation was performed according3tandard Practice for Validation of Lataiory

Data. The procedure was applied at Level 2, Data Deliverables Examination. All analyses were
successfully completed

General Information and Validation Results

RIN 2109130

Laboratory: ALS Analytics, Fort Collins, Colorado
SDG Numbers: 2109606

Analysis: Inorganics Metals Isotopic Uranium
Validator: Liz Moran

Review Date: April 2022

The samples were prepared and analyzed using accepted procedures as shown in Table 9.
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